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Standard Operating Procedure

Thermo Flash 2000
Elemental Analyzer (Soil TOC Determination)

Introduction

The Thermo Flash 2000 Elemental Analyzer (EA) bases its operation on the well-known process of
Flash Dynamic Combustion, which produces complete combustion of the sample followed by an
accurate and precise determination of the elemental gases (nitrogen and carbon dioxide). This in turn
will provide detection of total carbon (TC), total organic carbon (TOC), and nitrogen (TN) from 100ppm
to 100% level.

Purpose

The purpose of this document is to introduce the user to the routine operation of Thermo Flash 2000
Elemental Analyzer (EA) and the conversion of the TC in the soil to TOC. This document outlines the
steps for conversion to TOC and the special safety concerns.

Scope

This procedure applies to established procedures of analysis using the EA in NC mode to determine the
TOC and TN in soils, and sediments. Individuals must complete a hands-on one-on-one training session
with a TRACES staff member.

Referenced Documents

=  Thermo Flash 2000 Elemental Analyzer: Operating Manual rev. D (p/n 31712052)

= |ODP CHNS Analyzer User Guide: FlashEA 1112 Elemental Analyzer: User Guide ver1.1

=  Thermo Flash 2000 Elemental Analyzer: Consumables ed.11th (p/n 31708250)
AN 633 FlashEA™ 1112 NC Soils Analyzer: Reproducibility of Nitrogen/Carbon determination

= |SO 10694:1995E Soil Quality- Determination of Organic and Total Carbon after Elemental Analysis; ISO
10694:1995. (n.d.). ISO. https://www.iso.org/standard/18782.html

= Harris, D., Horwéath, W. R., & Van Kessel, C. (2001). Acid fumigation of soils to remove carbonates prior to
total organic carbon or CARBON-13 isotopic analysis. Soil Science Society of America Journal, 65(6),
1853-1856. https://doi.org/10.2136/sssaj2001.1853

= Thermo Flash 2000 Elemental Analyzer: Consumables ed.11th (p/n 31708250)
AN 633 FlashEA™ 1112 NC Soils Analyzer: Reproducibility of Nitrogen/Carbon determination
Thermo Flash 2000 Elemental Analyzer Standard Operating Procedure (SOP-EAQ06) Link:
https://www.utsc.utoronto.ca/~traceslab/PDFs/flash_2000_sop.pdf.

Responsibilities
1. TRACES Users
1.1. All Users must obtain training with TRACES Staff prior to system operation. It is the responsibility
of the User to ensure they have a good understanding of the instrument and all operation
protocols.
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1.2. If additional training sessions are needed it is the responsibility of the User to schedule these with
TRACES Staff.

1.3. User must ensure that EA is fully operational before commencing use of the instrument.

1.4. Instrument time must be booked by the User via the online booking system prior to system
operation.

2. TRACES Staff
2.1. It is the responsibility of TRACES Staff to provide introductory and, if required, subsequent
training for all users.

Equipment (Standard Configuration)
= Thermo Flash 2000 (Go to Initial Setup for more details)

Safety

IMPORTANT:
= Oxygen is an oxidizing gas keep away from flammables
o Take the appropriate precautions
= Hydrochloric acid is corrosive to metals, causes severe skin burns and eye damage.
May cause respiratory irritation.
o Usein afumehood ONLY
= Silver and Silver DUST are very toxic to aquatic life with long lasting effects.
o Usein afumehood ONLY
= Seek assistance from TRACES Staff if you have any concerns

Initial TOC Equipment Setup

1. Silver sample containers/capsules.
a. Tin capsules will NOT be used for TOC analysis on the Flash2000.
b. A limited quantity may be purchased through TRACES-if supplies are available.

A

Sample Holder plate (Figure 1(a))
Electrical Heater (Figure 1(b))
4, Syringe (supplied by TRACES)

w

Figure 1
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Initial setup for the TC to TOC Conversion

1. Using the Ultra-Balance
a. Extra care must be given to both the handling and recording of the sample and
standard weights, as this is the area of GREATEST ERROR.
b. A Mettler-Toledo XP6 Ultra-balance is located at the SW corner of TRACES.
i. This device has a MAXIMUM capacity of 6 grams and a readability of 1 ug
i. When re-weighing samples; the difference must not be greater than 0.01mg*

2. Silver Capsules
i. Thermo-Fisher Cat#: 24005405
ii. IsoMass/Elemental Microanalysis Cat#: D2009
iii. Samples (solids) and Standards are enveloped in each capsule
1. Using a technique that maximizes closure and reduces spillage.
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Figure 2

3. Preparing Samples and Standards
a. Standards
a. Aspartic Acid is available from TRACES
i. Load a minimum of five standards with varying amounts

1. 1-8mg

b. Blanks
a. Silver capsules only

c. Bypass

a. Silver capsules with aspartic acid
i. Not weighed-simply for ‘waking-up’ the catalyst as a first run
d. Samples
a. Varying amounts of sample depending on the nature of the samples
i. Organic samples; 1-3 mg
ii. Soils; 2-10 mg
iii. Sediments; 1-5 mg

4. Preparing 1:1 Hydrochloric acid (HCI)
a. Working in a fumehood
b. Using trace metal grade concentrated hydrochloric acid (recommended), prepare 50 mL

Approver:
T. Adamo Page 3 of 7



MS Cen’rreC>

Standard Operating Procedure

Effective Date: 06/27/2025
Document #: SOP-EATOC0002
Page 4 of 7

Setup EA System

1. Follow the Thermo Flash 2000 Elemental Analyzer Standard Operating Procedure (SOP-EAXxxx)
Link: https://www.utsc.utoronto.ca/~traceslab/PDFs/flash 2000 sop.pdf

2. Changes to Thermo Flash 2000 Elemental Analyzer Standard Operating Procedure to follow;
a. Replace the tin capsules with silver capsules when analyzing the blanks, bypass and

calibration standards mentioned in the SOP

b. Maximum capacity of the silver capsules is 10mg. Do not exceed this mass

Setup the TC to TOC Conversion Kit

1. User must be aware that the inorganic carbon content (carbonates) must be determined for
each set of samples BEFORE continuing with the TOC conversion
2. Take several silver capsules and place them into the sample holder plate to ensure the capsules

will fit in properly

a. If snug, push the capsule down gently using a gloved finger (Figure 3)

b. DO NOT USE SHARP OBJECTS, such as tweezers

c. Remove the capsules once sized properly

d. Repeat for the number of silver capsules required for the analysis

77_"/4__,_.Heater
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3. Using the Ultra-Balance to determine carbonate content:

a. Tare a silver capsule.
b. Weigh out about 5mg of each sample

Figure 3

c. Add 1 drop of 1:1 HCl into the capsules, taking care not to touch the silver capsules

walls.

d. If you see little to no bubbles (evolution of CO,), the carbonate content is low, samples

size can be increased to 8-10mg of sample.

e. If you see strong bubbling (evolution of CO.), the carbonate content is high, and sample

weights should NOT exceed 5mg.
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Sample Preparation for TC to TOC Conversion

—
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9.

Set the electric heater to 65°C. Ensure the heater is operating properly by using the available
thermometer/thermistor to measure the set temperature (pictured in Figure 1 (b)).
Prepare six (6) replicates for EACH sample.
Tare a silver capsule.
Weigh out the APPROPRIATE amount of sample into the silver capsule.
Place the tin capsuled samples onto the sample holder (pictured in Figure 1 (a)).
Add 1 drop of 1:1 HCl into each capsule, taking care not to touch the silver capsule’s walls.
Wait 5-10 minutes.
Add another drop of 1:1 HCI into each capsule, taking care not to touch the silver capsule’s
walls.
Continue to repeat the procedure until sample no longer is bubbling.
a. This may take several hours of operations.

10. Dry at 65°C. When the sample is dry, gently remove and close the capsule (Figure 2)

Graphical Depiction of the Sample Preparation for TC to TOC Conversion

2-
CO3 Co,
E i i :
Silver  Add sample Add few drops Leave at 65°C until dry
Capsule Weigh of HCI (1:1) Analyze on the Flash 2000 EA

Figure 4

Confirmation of Sample Preparation for TC to TOC Conversion

ook wd

Set the electric heater to 65°C. Test using the available thermistor and set the temperature.
Check the temperature as pictured in Figure 5, and fill the thermistor reserve with water when
needed

Prepare one (1) replicate for EACH sample.

Tare the balance.

Weigh the EMPTY silver capsule.

Weigh out the APPROPRIATE amount of sample into the silver capsule.

Place the tin capsuled samples onto the sample holder (pictured in Figure 1 (a)).
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Add 1 drop of 1:1 HCI into each capsule, taking care not to touch the silver capsule’s walls.
Wait 5-10 minutes.
Add another drop of 1:1 HCI into each capsule, taking care not to touch the silver capsule’s
walls.
10. Continue to repeat the procedure until sample no longer is bubbling.
a. This may take several hours of operations.
11. Dry at 65°C. When the sample is dry, close the capsule.
12. Re-weight the silver capsuled sample with the carbonated removed.
13. Place the silver capsule within a tin capsule and analyze.
14. Confirmation sample should have TOC values within 10% of values obtained with the silver
capsules alone.
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Figure 5
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Verification of Sample Preparation for TC to TOC Conversion

1. Obtain a Certified Reference Material (CRM) for the type of soil you are analyzing.
a. Sandy soll
b. Chalky soil
c. Loamy soill
2. Follow the procedures above; Setup the TC to TOC Conversion Kit’ and ‘Sample Preparation for
TC to TOC Conversion’ for the analysis of the CRM samples.
3. The results obtained for the sampled reference materials TOC (and TC if available) should be
within 10% of certified values

Data Evaluation TOC Calibration

1. Follow the Thermo Flash 2000 Elemental Analyzer Standard Operating Procedure (SOP-EAXxxx)
Link: https://www.utsc.utoronto.ca/~traceslab/PDFs/flash_2000_sop.pdf Data Evaluation Section
to evaluate chromatograms, results and calibration curves

Clean-up

Shutdown the heater and thermistor and leave in the fume hood

Place all unused capsules, standards in the appropriate location

Clean-up fume hood and weighing area with IPA or methanol

Remove all unused samples

Clean syringe with water (X5) and acetone or methanol (x3) return to the location

agrON -~

*The TRACES Manager will provide full details during hands-on training.
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